The influence of sowing method and plant density on the biomass of spring wheat and Persian clover was evaluated. In a pot experiment conducted in three series during the years 2010-2012, plants were cultivated as mixed and pure crop at higher (consistent with agronomic recommendations) and lower density, decreased by 20% compared to it. Dry mass accumulation tests for both species were conducted during the following wheat growth stages (BBCH): leaf development (12-14), tillering (21-23), stem elongation (31-32), inflorescence development (54-56), and ripening (87-89). Based on the results obtained, the biomass growth rate for both species in question was also determined. It was shown that the mass of shoots of spring wheat cultivated as mixed crop was lower than that of wheat shoots grown as pure crop during the stem elongation and ripening stages. Mixed sowing limited aboveground accumulation in the heads and grain the most and in the stems the least. During the leaf development and stem elongation stages, the wheat presented a more pronounced response to the presence of clover expressed by biomass decrease in case of the treatment with lower plant density and during ripening in the treatment with recommended plant density. In case of both sowing methods and plant densities, the mass of wheat roots was similar. Biomass accumulation in Persian clover shoots and roots in mixed sowing was lower than in pure crop during the entire growing period. The wheat limited biomass accumulation of Persian clover in inflorescences the strongest and in the roots the least. The spring wheat growth rate in both sowing methods was similar as opposed to Persian clover in the case of which a decrease in the growth rate was observed in the mixed crop during the generative development period.
INTRODUCTION
Currently, intercropping is seen as a component increasing ecosystem biodiversity and stability, while its importance as the forage source is treated as secondary [1, 2] . Different species of plants and their different forms can be applied as intercrops. Papilionaceous plants, particularly clovers, are frequently applied in mixed sowing because of their positive influence on the soil environment and the main crop (which in most cases is a cereal) [3, 4] . Their positive role is mainly represented by fixing atmospheric nitrogen which is then built into their structure, making it available to the accompanying plants and enriching the soil with this element. Different interactions, however, take place between the components of a mixed crop which result in changes in the development rhythm, morphology, biomass and yield of the plants. Competition is a trophic phenomenon commonly present in the nature. In the recent years, numerous studies have been published on interactions of this type in phytocenoses [5] [6] [7] [8] [9] . However, relatively few data can be found on the competition between cereals and interseeded plants, particularly papilionaceous species [3, 10] . Moreover, the competition is examined in most cases during the initial or final period of mixed growth. Hence, the literature on the development of this interaction throughout the entire growing period and the influence of plant density on the process is rather limited [4, 11] . Investigating the competition between spring wheat and Persian clover throughout the entire period of their mixed growth at different densities of species will allow us to optimize the agricultural technique, ensuring high yields of intercrops.
Given the above, a research hypothesis was formulated assuming that competition would occur between spring wheat and Persian clover and that the intensity of the interaction would depend on the growth stage and plant density. It was verified based on an experiment aimed to evaluate the influence of mixed cropping of spring wheat and Persian clover on biomass accumulation in different aboveground parts and roots throughout the entire period of their mixed growth under conditions of different plant densities.
MATERIALS AND METHODS
The study was based on a pot experiment conducted in three series at the greenhouse laboratory of the University of Warmia and Mazury in Olsztyn. It was conducted during the following periods: series I from 12. 04 to 19.07.2010 ; series II from 24 .03 to 30.06.2011 ; and series III from 26 .03 to 28.06.2012 . Spring wheat Triticum aestivum (Nawra cultivar) and Persian clover Trifolium resupinatum (Gobry cultivar) were cultivated as pure and mixed crop in two density variants: recommended and decreased by 20%.
The experimental factors were as follows: I. spring wheat and Persian clover cultivation method: -pure crop -mixed crop II. plant density:
-higher (according to agronomic recommendations) -in the paper referred to as "recommended" -lower (decreased by 20% as compared to the recommended density). The tests were conducted during 5 periods determined by the growth stages of spring wheat sown as pure crop at the recommended density, i.e. (according to BBCH): leaf development (12) (13) (14) , tillering (21) (22) (23) , stem elongation (31-32), inflorescence emergence (54-56), and ripening (87-89).
The experiment was established according to the additive model according to which the number of plants in the mixture was the sum of their numbers in the pure crop. This experimental design allowed us to study the interaction between spring wheat and Persian clover from the beginning of growth and eliminated the effect of intraspecific competition on the competition process development [12] .
The experiment consisted of 120 pots (two species in pure crop and in mixture x two sowing densities x 5 growth stages x 4 replications). The experiment used Kick-Brauckmann pots, 22 cm in diameter and 25 cm deep. The seeds were sown at an equal distance from each other (according to the template) and placed in the soil at a depth of 3 cm -spring wheat, and 1 cmPersian clover. In the pots with the recommended density, 19 seeds of spring wheat and 12 seeds of Persian clover were sown. The numbers in the lower density pots were 15 and 9, respectively. This corresponded to the density per 1 m 2 : spring wheat at a recommended density of 500 and at a lower density of 400, while for Persian clover it was 300 and 240, respectively. The soil material consisted of brown leached soil developed from heavy clay with the contents of floatable fraction at 64%, silt 12%, and sand 24%. This soil was characterized by the organic carbon content from 1.06% to 1.46%, slightly acid reaction (pH in 1 M KCl from 5.6 to 6.2) , and the following nutrient availability (mg × 100 g -1 soil): high availability of phosphorus (9.2-11.6) and magnesium (8.8-9.1) , and medium availability of potassium (12.9-14.5 ). To fill the pots, the soil was collected from the depth of 0-25 cm.
Mineral NPK fertilization was applied once one week before the sowing date. For this purpose, an aqueous solution of urea, monopotassium phosphate, and potassium sulphate were prepared and added at appropriate rates to the soil which was then thoroughly mixed and put into the pots. Identical fertilization with phosphorus and potassium at the following rates (g × pot -1 ): P -0.200 and K -0.450, was applied to all the pots. The nitrogen dose varied depending on the species and sowing method and it was as follows (g × jar -1 ): for pure crop of spring wheat -0.500, for mixed crop of spring wheat and Persian clover -0.300, and for Persian clover-0. 125 .
Soil moisture during growth was maintained at a constant level of 60% of the maximum water capacity and the water was replenished daily, if necessary.
When the spring wheat reached the appropriate growth stage, all plants were removed from the pots (intended for the given growth stage) and next the aboveground part was separated from the roots. The roots were carefully washed on screens and separated carefully. In the aboveground parts, stems, leaves, heads and inflorescences were separated. They were dried to air dry mass and weighed. Their yield from the individual growth stages was obtained in this way. The results obtained were also used for calculating the growth rate of spring wheat and Persian clover plants. Based on the dry mass, the biomass increment between the individual growth stages was determined for both species applying the formula [13] : CGR = (dWc / dt) x (1/ P) where: CGR -crop growth rate dWc -crop biomass increment (g of dry mass) dt -time period during which the biomass increment occurred P -area (m 2 ). The results obtained were presented as average values from three series of the experiments. They were statistically analyzed by analysis of variance at a significance level of p = 0.05. For evaluation of the differences between treatments, Tukey's test (HSD) was applied. The computations were made using Statistica software.
RESULTS

Biomass of spring wheat
The sowing method had a significant influence on aboveground biomass of spring wheat during stem elongation and ripening ( Table 1) . The cultivation with Persian clover contributed to the development of shoots with lower mass than in pure crop cultivation by 17.5 and 21.0%, respectively. During both periods, it was more pronounced in leaves than in stems, while during the ripening period the heads and grain showed the most negative response to this sowing method.
During the other growth stages, the relations between the sowing methods differed and took the form of a trend. The mixed cultivation of wheat with clover did not differentiate the root mass during the major part of the growing period. Better root development was found in mixed sowing compared to pure sowing (by 33 .0%) only during inflorescence emergence. The analysis of the total biomass (shoots + roots) of wheat showed that sowing method had a significant effect on it only during the ripening stage. Plants with lower mass developed in the mixed crop than in the pure crop (by 19.5%). Aboveground biomass of wheat significantly depended on sowing density only during the two initial growth stages. The dry mass yield of plants growing at the recommended density was higher during the leaf development and tillering stages by 23 .1% and 16.3%, respectively, than in the case when the density was decreased by 20%. During the other periods, this factor had no significant influence on the biomass of all analyzed aboveground parts of wheat. Plant density did not differentiate the root mass. The accumulation of dry mass in the whole plants of this cereal also depended to a lesser extent on sowing density. Their significantly higher mass was recorded in the pots with the recommended plant density (as compared to the density decreased by 20.0%) only during the stem elongation stage.
The interaction of the experimental factors had a significant effect on dry mass accumulation in spring wheat shoots during the leaf development, stem elongation and ripening stages. During the two earlier stages, the differences between mixed and pure cropping occurred in the combination with the lower density. During the stem elongation stage, differences were shown in shoot and leaf mass. During ripening, an opposite situation was found. Larger differences between sowing methods (because of the stems, leaves and grain) were recorded in the treatment with the recommended density. During inflorescence emergence, mixed sowing reduced accumulation of dry mass in the stems more in the recommended density treatment than in the lower density treatment, but it did not differentiate its content in the leaves and in the heads. In the presence of clover, wheat developed a higher mass of roots than in pure crop sowing in the treatment with the recommended plant density. During the other stages, the density of plants did not change the relations between sowing methods in any significant way.
The interaction of experimental factors had no significant influence on the total biomass of the analysed cereal crop during the leaf development, tillering, and inflorescence emergence stages. During stem elongation, pure crop sowing was found to have a higher advantage over mixed sowing in case of the lower sowing density, while during ripening an opposite situation was observed.
Biomass of Persian clover
Both the aboveground parts and roots of Persian clover increased their mass until the end of the wheat growing period (Table 2) . Grown together with spring wheat, Persian clover produced significantly lower aboveground mass than in pure sowing throughout the entire period of the study. The largest differences between pure sowing and mixed sowing (exceeding 80%) were recorded during stem elongation and inflorescence emergence of wheat, while the smallest ones during the leaf development stage (almost 50%). This decrease applied to a similar extent to the leaves, shoots and inflorescences, except the wheat inflorescence emergence stage when the largest differences between mixed and pure sowing were recorded for the inflorescence mass. Mixed sowing also had a negative influence on the development of clover roots, but to a lower extent than in the case of shoots. Compared to pure sowing, on average for all the five wheat growth stages, the root mass was smaller by 49.4% (ranging from 33.0% at the end of growth to 69.4% at the wheat tillering stage). The poorer development of the aboveground parts and roots of clover in the mixture was reflected in the total mass of this crop. The cereal component reduced biomass accumulation by an average of 72.6% for all the stages. Its negative influence increased until the stem elongation stage during which the largest difference was recorded between mixed and pure crop (82.1%). During the next stages, these differences decreased (down to 66.1% at the end of growth).
Plant density had no significant influence on the total aboveground biomass of clover plant throughout the entire growth period. A beneficial influence of the recommended sowing density on dry mass accumulation in clover leaves was noted during the leaf development and ripening stages of wheat and in shoots during ripening. This factor differentiated the root mass of clover from wheat tillering until ripening. In the treatment with the lower density, the roots were worse developed than in the one with the recommended density, on average by 30 .6% (with variations from 25.0% at the tillering stage to 32.4% during ripening). Despite that the total Persian clover biomass (aboveground parts + roots) showed no significant changes under the influence of plant density during the major part of the growing period. The recommended density had a favourable influence on biomass accumulation only during the leaf development stage.
Generally, sowing density had no influence on the magnitude of differences in dry mass accumulation in clover shoots and roots between mixed and pure sowing. It was only during the ripening stage that the wheat reduced biomass accumulation in clover shoots more in the treatment with the lower plant density.
Growth rate of spring wheat and Persian clover plants
Spring wheat had the highest mass growth rate per day in pure crop and mixed sowing during the stem elongation and inflorescence emergence stages as well as during leaf development and tillering stages (Table 3). During the entire growing period, no significant differences were recorded in the biomass accumulation rate depending on sowing method.
Plant density had a significant effect on the mass accumulation rate only in case of two interphases. During the sowing -leaf development interphase and during the stem elongation -inflorescence emergence interphase, plants growing at the lower density were characterized by faster biomass growth rates. At the same time, a clear increasing trend in the value of this parameter as a result of the decrease in plant density was observed until the stem elongation -inflorescence emergence interphase.
The differences in daily growth rates of spring wheat between sowing methods showed no significant correlation with plant density. The presence of spring wheat reduced the Persian clover mass growth effectively from the beginning to the end of growth (Table 4) . This was not confirmed by the statistical analysis only during inflorescence emergence -ripening. The aboveground biomass of clover increased fastest in the pure crop during the stem elongation -inflorescence emergence stage, whereas in case of the mixed crop during the inflorescence emergence -ripening interphase. The largest differences between pure and mixed sowing were recorded for tillering and stem elongation as well as for stem elongation and inflorescence emergence. The second factor of the experiment -plant density -had no significant effect on the clover growth rate during the entire growing period.
The effect of the interaction of both factors was significant from sowing until wheat inflorescence emergence without significant differences during the inflorescence emergence -ripening interphase. Mixed cultivation reduced the clover growth rate in both density treatments. In the combination with the lower density, a slower biomass accumulation rate was recorded in the mixed crop compared to the pure crop during the inflorescence emergence -ripening interphase, but the difference proved to be insignificant (although it was clearly noticeable).
DISCUSSION
In the present study, spring wheat growing in a mixture with Persian clover produced smaller biomass than in case of pure sowing during the stem elongation and ripening stages. During the remaining growing period, sowing method did not differentiate yield. K ä n k ä n e n and E r i k s s o n [3] also showed that clover was a weak competitor with spring barley and hence did not change its mass. O f o r i and S t e r n [14] consider cereals to be stronger competitors than the papilionaceous plants, mainly because of the faster growth rate and higher density of roots, which is confirmed by our study. Maybe the roots of cereals absorb from the soil the nitrogen excreted by the roots of papilionaceous plants and that released during their decomposition [15] . This improves the condition of cereals and at the same time decreases the unfavourable influence of the competitor. M i c h a l s k a et al. [16] showed different results for the mixture of spring barley with peas. The study of those authors shows that the leguminous plant did not change the cereal biomass only during the initial development period, while during the further growth stages it limited its increase. In our study, the biomass of Persian clover cultivated together with spring wheat was lower than in pure cropping during the entire period of mixed cultivation. This is consistent with the study of Ć w i n t a l and K o ś c i e l e c k a [17] who obtained significantly lower biomass yields of red clover growing as the intercrop in the spring barley stand. In our experiment, the largest differences in the aboveground biomass produced between pure sowing and mixed sowing were obtained during wheat stem elongation and inflorescence development, while the earlier mentioned authors obtained such differences during ripening. Also S a t o r r e and S n a y d o n [18] showed that competition from cereals is strongest during Zadoks stages from 30 to 70. S o b k o w i c z [19] showed that such an interaction between triticale and field bean was the most intensive during the period preceding grain filling. As a result of the dynamic development of cereal plants during this time, they reach a higher height than clover and hence catch more sunrays and this limits their access to clover and slows down its development. T h o r s t e d et al. [4] show that up to a height of 20 cm of the stand, clover dominates in catching the light over wheat, but when the cereal becomes higher than clover, an opposite situation occurs. In our study, the lower biomass accumulation by the clover crop probably resulted also from the dominance of cereal over clover in terms of plant numbers in the mixture. By doubling the sowing density of field beans, S o b k o w i c z [19] obtained an increase in its effect on triticale. The results of our own study showed a decrease in the negative effect of wheat on clover during the final period of growth, while the studies by B u ls o n et al. [20] , M i c h a l s k a et al. [21] , S o b k ow i c z [22] , and T r e d e r et al. [23] also showed a decrease in the negative effect on the plants in the mixed stands consisting of other plant species. This is related to the differences in ripening time of different species.
During the period when one species ends its growth its needs decrease and it absorbs fewer growth factors which become more available to the other species.
In our study, clover reduced aboveground biomass accumulation in wheat heads more than in leaves and stems. This resulted in the situation that in the analysed experiment the mass of wheat heads and grain in the mixture was lower by 24.3% and 27.6%, respectively, than in the pure crop. The stronger influence of the competitor on the generative parts of plants than on the vegetative ones was also reported by M a r i o t t i et al. [24] . A reduction in grain yield of spring wheat in case of its cultivation in a mixture with red clover and of winter wheat with white clover was also documented in the studies of J a s i e w i c z et al. [25] and T h o r s t e d et al. [4] . On the other hand, other authors inform about a minor (or no) influence of papilionaceous plants on spring wheat and spring barley yields [26] [27] [28] [29] [30] .
The reduction in aboveground mass of Persian clover plants in the mixture applied to a similar extent to the shoots, leaves and inflorescences, while in spring wheat (in addition to the above discussed yield of heads and grain) it applied to a greater extent to the leaves than to the stems. In case of wheat, it is consistent with the study by T r e d e r et al. [31] . On the other hand, L u c e r o et al. [32] found no influence of Trifolium repens on the leaf mass of Lolium perenne and its positive effect on stem shapeliness.
In both sowing methods, the mass of spring wheat roots was similar as opposed to Persian clover where in case of mixed sowing its reduction was recorded compared to the pure crop. This reduction, however, was smaller than the reduction in aboveground biomass. The weaker response of the roots of white lupin and sowing pea to mixed cultivation with cereals was also confirmed by M a r i o t t i et al. [24] and M i c h a l s k a et al. [16] . Different conclusions were reached by K u r a s z k i e w i c z et al. [33] who found no influence of cereals on the root mass of interseeded species consisting of various papilionaceous plants species. The results obtained suggest that the competition for soil growth factors between cereals and papilionaceous plants is weaker than that for light.
In the presented experiment, Persian clover responded more than spring wheat to mixed cultivation by decreasing the biomass accumulation rate. On the other hand, the dynamics of wheat biomass growth was similar in case of both sowing methods. W a n i c et al. [34] also did not prove the influence of intercrops on the daily growth of barley. This probably results from the architecture of the stand of the analysed mixture. Higher wheat plants inhibited the development of lower clover plants by limiting access of the sun to the legume crop. This is proven by the studies of A t i s et al. [11] and M a r i o t t i et al. [24] who showed that vetch, after reaching a higher height, and lupine being more vigorous than wheat plants became stronger competitors for wheat. The limiting influence of higher pea plants on lower barley plants was also documented in the study by M i c h a l s k a et al. [21] . S o b k ow i c z and L e j m a n [35] share this opinion. They showed that abundant growth of Persian clover was the reason for its effect on spring barley (it grew higher than the cereal crop).
Plant density had no effect or had a slight differentiating effect on dry biomass production of spring wheat and Persian clover. Also K ä n k ä n e n and E r i k s s o n [28] found no clear correlation between the number of papilionaceous plants sown and barley yield. According to T h o r s t e d et al. [4] , increasing the distance between rows decreased competition for light, which translated into better growth of wheat aboveground biomass. In case of red clover, Ć w i n t a l and K o ś c i e l e c k a [17] also obtained a significant increase in dry mass with an increase in seeds. This is also confirmed by the study of A t i s et al. [11] concerning a vetch and wheat mixture. H a r a [36] , S o w i ń s k i et al. [37] and S c h i m t t and W u l f f [38] also demonstrate the positive effect of higher plant density on plant biomass. In the experiment in question, plant density did not influence the biomass accumulation rate, either. This is consistent with the study by S o b k o w i c z [21] . He showed that the plant growth rate in mixed cultivation of cereals was similar during the major part of the growing period to that in pure cropping.
CONCLUSIONS
1. The aboveground mass of spring wheat cultivated with Persian clover was lower than in pure cropping during the stages of stem elongation and ripening. During the other growth periods, the aboveground mass of this cereal showed no variation due to sowing method. 2. During the leaf development and stem elongation stages, mixed sowing reduced dry mass accumulation more in the treatment with the lower plant density, while during ripening -in the treatment with the recommended density. 3 . In the mixed crop, biomass accumulation in the shoots and roots of Persian clover was lower than in the pure crop during the entire growing period. 4 . Sowing method did not differentiate the spring wheat growth rate, as opposed to Persian clover in case of which the daily biomass increments in the mixed crop were smaller than in the pure crop until the inflorescence development and cereal ripening interphase.
